SUMmARY In 3 patients with the long QT syndrome, one caused by quinidine and 2 of congenital origin, right ventricular monophasic action potentials were excessively prolonged and of varying shapes in different recording sites. In addition, effective refractory periods of the ventricular muscle were abnormally long.
The prolongation of the QT interval associated with syncopal attacks can be encountered in two different situations: the long QT syndrome of congenital origin (Jervell and Lange-Nielsen, 1957; Romano et al., 1963; Ward, 1964; Phillips and Ichinose, 1970) and the acquired form (Motte et al., 1970; Reynolds and Vander Ark, 1976) . The latter may be found in association with various conditions such as atrioventricular block, sinus bradycardia, or the use of drugs of which quinidine, phenothiazines, and amiodarone are examples. Though a totally different pathogenic mechanism was suggested for these two syndromes, the common clinical and electrocardiographic features must have a common electrophysiological basis.
In this paper we present our findings in 3 patients with this syndrome in whom monophasic action potentials were recorded from the right ventricle.
Methods
The technique for recording monophasic action potentials was presented in a former paper (Gavrilescu et al., 1972) . Close bipolar suction electrodes were passed percutaneously and positioned in the right ventricle. Applying gentle pressure an injury current was obtained. Suction applied with a simple device fixed the electrode in the chosen position and made possible the recording of the monophasic action potential. The (Wit et al., 1970) and was synchronised with the monophasic action potential recordings. The stimulus strength of the test impulse was twice the diastolic threshold. Both monophasic action potential recordings and refractory period determination were performed at various cycle lengths.
Subjects CASE 1
A 49-year-old woman with mitral valvular disease and atrial fibrillation was converted to sinus rhythm by DC shock. In the next few hours she developed syncopal attacks, after 1 g quinidine sulphate (Fig. 1B) . A prolonged QT interval was noted immediately after the cessation of ventricular tachycardia ( Fig. 1A and B) . Monophasic action potential recordings (Fig. 2) were then obtained. There were no electrolyte disturbances, and the QT interval returned to normal values after 72 hours (Fig. 1C) .
CASE 2
A previously healthy 32-year-old woman was referred to us for cardiac evaluation following an episode of syncope caused by ventricular fibrillation. Frequent multiform ventricular beats, a prolonged QT interval, and alternation of the T wave had been noted after her resuscitation ( Fig. 3A and B) . On admission there were no abnormal findings with the exception of the long QT interval and inverted T waves (Fig. 3A) . She had normal hearing. The electrophysiological study was performed and monophasic action potentials recorded at different sites in the right ventricle showed varying durations and shapes (Fig. 4) . This case has been reported elsewhere . A 17-year-old boy had repeated attacks of ventricular tachycardia, the arrhythmia bundle-branches. At the cessation of some of the arrhythmic episodes he showed a prolonged QT interval and inverted T waves. Electrophysiological study was performed during such a period and the tracings were similar to those obtained in case 2 (Fig. 5) . Monophasic action potential recordings from the apex and septal wall of the right ventricle showed a second deflection (Fig. 5C ), which became more apparent at a faster driving rate (Fig. 5D) (Olsson, 1971 (Olsson, , 1972 . Differences in duration of the monophasic action potential, recorded at various ventricular sites, were between 120 and 175 ms in cases 2 and 3, and in case 1 no such differences could be found. In cases 2 and 3 there was a second deflection (O1) during the late repolarisation phase in the monophasic action potential recordings ( Fig. 4C and Fig. 5C and D). Such differences between recordings in the same subject are an unusual finding, as are the differences in the shape of the recordings from one site to the other. Refractory periods were also prolonged (Fig. 3C) , and differences between the effective refractory periods recorded in the various parts of the right ventricle were also abnormal in comparison with previous data obtained in man (Guss et al., 1976) .
Discussion
Several types of the long QT syndrome have been (Phillips and Ichinose, 1970) or in functional modifications caused by abnormalities in the repolarisation of the myocardial fibres secondary to metabolic disturbances (Schwartz et al., 1975) , by an abnormal response to neurogenic stimuli, or an asymmetrical sympathetic stimulation of the ventricular muscle (James, 1969) . The acquired long QT syndrome is secondary to conditions associated with bradycardia, hypokalaemia, or the use of drugs like quinidine, amiodarone, imipramine, and others (Motte et al., 1970) . The suggested mechanism for the acquired long QT syndrome is a diffuse myocardial desynchronisation which is a contraindication to the administration of antiarrhythmic drugs such as propranolol, ventricular pacing being the -treatment of choice in such cases (Schwartz et al., 1975 (Guss et al., 1976) suggested that our findings were also abnormal showing a considerable prolongation. That monophasic action potential prolongation was not artefactual, caused by changes in the intensity of suction applied during the recording procedure, is shown by the concurrent variations in right ventricular monophasic action potential duration and refractory periods measured with the help of the pacing technique. The asynchrony in refractoriness of ventricular muscle is suggested in our cases by -the great differences between monophasic action potential recordings and refractoriness from various sites. The lack of such differences in the case *described by Wellens may be explained by the fact that the QT changes occurred transiently preceding the syncopal attack, and the electrophysiological study was done while the QT interval was not greatly prolonged. In our patients the monophasic action potential recordings were performed during the period when QT prolongation was manifest. It is of interest to note that dispersion of repolarisation shown by monophasic action potential recordings was present in cases 2 and 3 with congenital long QT syndrome, while in case 1 with quinidine syncope, where the QT interval returned to normal after a few days, there was uniform prolongation of the right ventricular monophasic action potential duration. A prolongation of right atrial monophasic action potential under the effects of quinidine has been noted in man (Gavrilescu et al., 1972 . In the dog quinidine prolongs right atrial and ventricular monophasic action potentials and also lengthens the refractory periods (Comsulea et al., 1976) . However, in comparison with these data, the duration of the monophasic action potential and refractoriness of the right ventricle were excessively prolonged in our patient. Abnormal monophasic action potentials may also explain changes in the T wave during the long QT syndrome. It has been shown experimentally that small monophasic action potential duration changes are associated with T wave modifications (Autenrieth et al., 1975a, b) . There may be an uneven contribution of different repolarisation regions to the T wave shape. The type of monophasic action potential shown in Fig. 4C and Fig. 5C and D with a second deflection was observed in two cases. Though this deflection could be considered to be an artefact resulting from displacement of the catheter or modification of suction during the recording period, we believe that such a tracing is caused by delayed repolarisation of some myocardial zones, adjacent to the exploring electrode. This assumption is supported by the fact that the suction pressure was constant, the tracings were stable, and the longest monophasic action potential duration recorded in such cases was very close to the sum of both recorded complexes (0 and 01 in Fig. 4C and Fig. 5G ). This phenomenon could be accentuated by variations of the cycle rate (Fig. 5D ). The appearance of ventricular arrhythmias during the long QT syndrome may be triggered by critical differences of refractoriness between various ventricular areas. However, in case 1, where the long QT syndrome was caused by quinidine this nonuniformity of electrophysiological events was not evident. We can not exclude the existence of such differences in the entire ventricular myocardium because of the limitations of the method. Although our studies cannot explain the detailed mechanism of the long QT syndrome, they allow the demonstration of uneven and delayed repolarisation of the ventricular myocardium as the common pathogenic mechanism of this syndrome. 
